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Input Filters For Receive Applications 
In The 144 MHz Range 


Most active VHF amateurs will have noticed 
that many non-amateur signals are audible in 
the 2 m band. These can be caused by many 
things, and can also be generated in the re- 
ceiver itself. For example, two or more legal 
out-of-band signals can generate in-band 
signals within the amateur band due to inter- 
modulation in the input stage of the receiver 
or preamplifier. These can be mixed with the 
“wanted"' signals and be demodulated with 
them. 


A further problem can be caused by individual 
out-of-band signals from very strong trans- 
mitters that shift the operating point of the 
first stage and thus reduce the sensitivity of 
the receiver (desensitization). If the strong, 
out-of-band signal disappears, the (weak) 
amateur signal will be audible again. Such 
surprising variations are not caused by tro- 
paspheric propagation, but by the insufficient 
large-signal handling capability of our recei- 
ver. 


Such Interference can be reduced, or even 
completely suppressed by using a selective 
filter at the input of the recelver that only 
ajlows the required frequency range to pass. 


A good filter will also reduce tne sum power of 
ignition intlerlerence and other man-made noise 
(also a form of coniaminalion!). Of course, the 
rema‘ning interference in the band will still be 
bad enough, and one could assume that this pro- 
blem could be solved by simply increasing the 
transmit power in order to ease reception This 
may bring a lemporary improvement, however, iI 
all other transmitlers operate with higher power. 


the same old situation will prevail. For ths 
reason, atlempts are being made throughout the 
world lo improve the large-signal capabilities of 
receivers. The described bandpass Iilier repre- 
sents one of these possibilities. 


1. 
BANDPASS FILTER 


As is probably known, the losses of a resonant 
circuil are dependent on the Q of (he inductance 
{ and the capacitance C If the Q of a circuil is 
tgh, this will mean thal the resonant curve is 
sha‘p Ts curve can be made sharper — or its 
slope steeper - when two resonant circuits are 
coupled together. For quantitative calculations, 
which can be made wilh computers nowadays, 
one ‘equires values of O and degree of coupling. 
Calcuialions need nat be made individually sin- 
ce the resulls can be taken from well-known 
lables and diagrams (1) and (2). 


For the desiqning process, one requires the re- 
quired frequency 'esvonse with atlenuation va- 
lues at certain frequencies to form the basis of 
the calculation (Figure 1). The insertion loss 
(loss In the passband range) ap can fluctuate be- 
tween a minimum and maximum value within the 
passband range (number of maximums corres- 
ponds to the number of coupled circuns). The 
corner frequencies ol the passband range are 1o 
be designated [,; and f,2. The allenuation a, , will 
appear at frequency [,;, and the atlenuation 
should obtain the value aco at fea. 
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The slope steepness of [he filler is dependent on 
the number of resonant circuils and on the 
Q-values The shape of the curve, that is tts band- 
width, as well as the value of the insertion loss 
can be varied with the aid of the degree af coup- 
ling {f the coupling is fixed, the passband curve 
will become wider and the fluctuations of the at- 
tenuation (ripple) within the passband range will 
become greater. In the case of so-called critical 
coupling, the relationships are more favorable, 
bul the bandwidth is lower. A loose coupling. 
finally, results in the lowest bandwidth, but also 
the highest insertion loss, 


In other words, each filter design requires com- 
promises and the task is to obtain a required 
bandwidth with a minimum of insertion loss, and 
al Ihe same time to obtain the required attenua- 
tion values for out-of-band signals (ultimate 
allenuation). 
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Fig. 1: 

Typical frequency response of a 
bandpass filler together with Its 
specifications 


an 


-STAGE FILTER FOR 144 MHz 


A liller is now to be described for home-consiruc- 
tion whose specilicalions are givenin Table 1: 


Center trequency: (5 = 145 MHz 
Insertion loss” a = 16-18dB 
Lower corner Irequency Io, = 144 MHz 
Attenuation al (5) ay = 200B 
Upper corner frequency [p2 = 146 MHz 
Attenuation al fp2 az = 200B 
Lower cul-oll frequency fey = 140 MHz 
Attenuation at {oy acy = 36-400B 
Upper cut-oll frequency foo = 150 MHz 
Attenuation at f.2 aco = 36-38 6B 


Table 3; Filler specifications 
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The filter comprises capacilively coupled LC- 
circuits. In the case of 144 MHz, high-Q. air- 
spaced coils with compact dimensions can be 
used. When using Silver-plated wire and nol too 
many turns. one can obtain Q-valués of over 100. 
This is, of course, no Comparison lo the Q of coa- 
xial resonators (in the order of Q = 1000). bul the 
manulacture is considerably simpler. Induc- 
lances ‘or 144 MHz can be mace from 1 mm dia. 
wire wilh a coil diameter of 6 to 8 mm. 


Air-spaced or PTFE trimmers of 8 lo 15 pF can be 
used for tuning, however, (here are some other 
solutions The construction of special coupling 
capacilors 1s also to be discussed in this arlicle, 
since they contribute lo the tuning elements. 


Input and oulput are inductively coupled since 
they allow simple transformation from 50 © to the 
resonance impedance of the circuits which are 
usually in the order of kQ. In arder to achieve Ihe 
required Iruely capacitive coupling, il is neces- 
sary for the individual inductances to be accom- 
modaled in screening chambers. 


3. 
CONSTRUCTION 


The equivalent diagram of the 4-stage filter is 
shown in Figure 2. The wire length of the inducti- 
ve taps amounts 10 12 ta 15 mm, they are con- 


Cross section 


ws 


Fig. 2: 
Equivalent circuit diagram of a 4-stage (ilter 
with capacitive coupling 


necied Ia the coil at 0.25 10 075 turns from the 
colc end. Silver-ptated copper wire al 1 mm dia- 
meter should be used, and this wound around a 
6 mm lormer. 


Special allention and care was paid lo the con- 
struction of the coupling capacitors C., to C,3. 
The idea was thal (wo neighbouring conductive 
surlaces on a PC-board provided well-repro- 
ducible capacitance values in the required order 
of 0.2 to 1 pF. Figure 3a shows this arrangement 
and its equivalent circuit diagram. Figure 3b 
allows one to carry oul one’s own designs 


Fig. 3a: Schematic arrangement and equivalent circult diagram of a coupling capacitor 


in stripline technology. 
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Fig. 3b: Design diagrams for stripline coupling capacitors 


Our filler, comprising concentrated inductances 
and trimmers. is complemented by disiributed 
capacitances using this easy-to-use and wide- 
spread stripline technology. These capacitances 
are realized on a double-coated PTFE-glass fibre 
PC-board with the dimensions 100 mm x 50 mm 
(Figure 4) The arrangement is symmetrical. 


The inductances are constructed in a coaxial 
manner in chambers made from PC-board male- 
tial as shown in Figure 5 Allsolder joints — also 
those of the two coaxial connectors (BNC) — 
must be on the inside so thal completely RF-tight 
chambers without gaps resull having a good 
electrical contact to [he inpul and output connec- 
tors. It is only the coupling capacitors that con- 
duci the RF-current from chamber to chamber. 
Tronser ait-spaced trimmers are used thal have 
four connections for which holes have been pro- 
vided on the board. 
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3.4. Required Material 


PC-board HA 5 KFV 001: 100 x 50 mm. con- 
strucied from double-coated glasfibre PTFE 
material (c, = 2 2). 1.5mm thick (3M 250 GX 15) 


The following eight pieces are made from single- 
coaled, normal PC-board maternal of 15 mm 
thickness: 


3 pcs. intermediate panels, 47 x 25 mm 

2pcs side preces, 97 x 25mm 

2pcs panels with BNC connector, 50 x 25mm 
ype cover 100x 50mm 


Furthermore one will require. 

2 BNC connectors (Radial R-141554) 

4 air-spaced lrimmers 

(Tronser 10-1111-20014-000) 

4 air-spaced coils: 7 turns of 1 mm dia. silver- 
plated copper wire wound ona & mm former, self- 
supporling. connected between ground and the 
Tronser irimmer. 
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Fig. 4: PTFE PC-board HA 5 KFV 001 for a 4-stage bandpass filler for 144 MHz 
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Fig. 5: Outside and Intermediate panels, as well as the caver for the 4-stage filter 
These can be made from single-coated PC-board material. 
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140 142 4 165 = =1h6 148 150 MHz 


7: Frequency response of attenuation (continuous line) and return loss of the input 
(dashed-dolted line) 
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Thin copper foil (approx. 0.1 mm thick) to solder 
ine cover fo [he case and as metallic contact bet- 
ween cover and upper edge of the intermediale 
panels. A completed biter. but without cover, is 
given in Figure 6. 


4. 
ALIGNMENT 


Although one can exaclly calculale all values, the 
manufaciuring tolerances of the induclances. 
and the interaction of resonant circuil and coup- 
ling capacilances requires same form of align- 
ment. For this reason, trimmers have been pro- 
vided as well as several “capacitance islands” 
for the coupling The less of these “‘capacilance 
islands’ that are located opposile to each other, 
the looser will be the coupling The optimum 
alignmeni of each 4-stage [iller is a rather compli- 
cated process lor which one requires a swept- 
lrequency system or an RF network analyzer, and 


lots Of patience. 


The first siep is 10 align all circurts to the center 
lrequency of the band (145.0 MHz). The coupling 
iS hen improved in steps by soldering several 
islands together, until the required bandwidth is 
achieved The »npul and output coupling should, 
on the other hand. be as loose as possible, what 
Is achieved by connecting the tapping points as 
near to the cold end as possible Figure 7 shows 
the [requency response of amplitude and input 
matching alter alignment 


5. 
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New Interdigital Bandpass Filters 


4-stage, sealed bandpass filters for 
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz 
centre frequencies. 


3 6B bandwidth 

Passband insertion loss 
Attenuation at + 24 MHz 
Atienuation at + 33 MHz 
Return loss: Reckarey ae. ets 
Dimensions (mm). wu. oe 


140 x 70 x 26 


tdeal for installation between first and second pre- 
amplifier or in front of the mixer for suppression of 
‘mage noise. and interfererce fromm UHF-TV 
transmitters and out-of-band Radar Stations. Also 
very advisable al the output of a frequency mullti- 
plier chan, or behind a transmit mixer. 


Price: OM 


168.— 


Please list required 
centre frequency on 


ee lNee ordering 
ek 


lik technik Terry D. Bittan - Jahnstr. 14 - Postfach 80 _D-8523 Baiersdorf 


“el West Germany 9133 / 855 - For representatives see cover page 2 


147 


